This paper presents a set of analysis tools for self learning for radial power system protection training (Bouhenna 2010). It automates a radial feeder for an overcurrent protection that would include fault calculations, fuse-fuse co-ordination, current transformer, relay-relay and fuse-relay co-ordination, directional overcurrent protection, ground fault protection, automatic recloser and sectionalizer. The software explains the function of all these protective elements and provides the students with the skills and knowledge necessary to understand and comprehend radial power system protection.
INTRODUCTION
Many existing materials cover most of the power system protection topics in a very deep manner which may be difficult for a new learner. Without any support, the student will have difficulties in understanding the topics. Protection coordination is based on devices' operating characteristics where students are able to select and configure protection devices and display their corresponding time-current characteristics. Different scenarios can be applied with different combinations from simple network to advanced coordination schemes. After completing this course, the student will have accumulated enough skills to be able to do the protection design of a complex radial network.
Some previous related work was developed which does not seem to help a new learner to understand the concepts of the coordination in power system protection. Three of them are mentioned as follow: A Matlab /GUI Based Fault Simulation Tool for Power System Education (Koç and Aydoğmu, 2009) , (covers only the fault calculations); Computer Assisted Learning in Power System Relaying (Lai, 2002) (does not cover all the different protection schemes, it is suitable for students who already know the basic schemes); Easy Power (ESA, 2009) , (delivers a full lineup of powerful Windowsbased electrical software tools for intelligently designing, analyzing, and monitoring electrical power systems, but it does not explain in details how the fault currents have been calculated or how the coordination time interval between two protective devices has been found).
METHODOLOGY
The software developed in this paper is based on Excel/Visual Basic Applications to allow learning and analysis. This user-friendly educational software presents a comprehensive and systematic description of the concepts and principles of operation and application of protection schemes for radial power system. It covers the calculation of the per-unit and power system faults for small scale systems. It is followed by the basic protection functions of the fuse, current transformer, and different types of protective relays.
Most of the students are quite familiar with the main functions of excel worksheet when they have to enter data and write formulae. A set of tools consisting of multiple choice questions, true or false E-mail: nbouhenna@hct.ac.ae. Tel: 00 971 50 5624688. Fax: 00 971 2 4451571. applications, animated circuits, correct or wrong answer applications, and plotting curves make the software really interactive and helps considerably the student to understand the concept of the protective devices.
This software which has been developed contains the essential material to cover the basic concepts of radial power system protection. It is developed in such a way that the students need no extra resources to understand the principles of protection systems. Most of the circuit diagrams in this software are animated and the student is guided through to the correct answer. A variety of networks for different situations are presented in this program to further enhance the understanding of the subject matter.
The software developed is a training model and teaching tool for radial power system protection. The model will serve as supplementary material or training tool for engineers entering this field.
RESULTS AND DISCUSSION

Software description
A user-friendly Excel /GUI based software has been developed to present a set of analyses tools for self contained study that will help students / trainees understand the radial protection schemes in electric power systems. It aims to provide the student with enough skills to understand the concept of the main protective devices and their operation in electrical power systems. Definitions and formulae are well presented. For each of the topics below, the student animate the circuit as an introduction to the problem he or she has to solve as it is explained in part 3. The software covers the following topics (Stenven 2010; John and Jan, 2010; Areva and Alstrom, 1995; Keit, 2008; Ron, 2008; Soman, 2008; John and William, 2003) . There are a total of 44 applications. The student can switch from one section to another by just clicking on the button 'Back to Menu'.
The applications of the six topics are detailed in the Table 1 .
Five assessment models have been developed to cover all the chapters which have been detailed as follows: Five assessment models are made to help the student to understand each application of each topic.
Model 1: Multiple choice questions
A set of multiple choice questions (Figure 2 ) is presented to the student to check his or her knowledge after reading the topic related to the fuse from the material given.
Model 2: True or false
Ten questions are presented to the student (Figure 3) . The student has to select either True or False. The response is correct if all the 10 answers are correct.
Model 4: Animated graphics
An example of a relay-relay coordination as shown in Figure 4 will help the student to understand the coordination between the primary relay and the backup relay when a fault occurs at different locations. The characteristics are displayed for each step that will help the student to understand the importance of the coordination time interval between the two relays.
Operational logic of two-count sectionalizer can be summarized with reference to Figure 5 , which illustrates the responses to a transient fault and permanent fault when the fuse saving scheme is used.
Step by step the student can display the operation by just clicking on the sequence button. The animated circuits/graphics as an introduction to the application help the student to understand better the topic so that he or she will not have problem answering the questions presented just below the graphic.
The animated graphic in Figure 6a shows the operation of the directional relays R3 and R5. The animated circuit shows the two scenarios, one with the directional relays and the other one without the directional relays. When there is a fault at F2, only the directional relay R3 sees the fault and disconnects the feeder 1. The load is still getting energy from feeder 2 as shown in Figure 6b . All the information during this short time is displayed on the screen. The operation of the directional relays is shown at three different locations.
Model 3: Correct or wrong answer
A set of applications to be solved is presented to the reading the topic related to the fuse from the material given. student for each topic as it is shown in Figure 7 . After an animated introduction, the student has to solve a problem by entering values or selecting good answers from the selection box. The application question and some notes can be displayed on the screen by just clicking on the appropriate button. Correct or wrong answer can be checked after entering each answer.
Model 5: Setting data
It's important to display the characteristics of the protective devices such as fuse and relay so that the coordination becomes easier to check. A total of 6 data tables are presented to the student, which means 6 different curves to plot. Once the data of the protective fuse is entered in the proper locations (white cells) as shown in the data table of Figure 8 , a simple click on "Do Calcs" button will display the timecurrent characteristics of the protective device and the fault current line will show the corresponding tripping time response. Three setting data are made, one for fuse (setting data 1), one for relay (setting data 2) and the third one is for fuse-relay combined together (setting data 3).
Conclusion
Protection system's main function is to quickly clear faults from the power system by minimizing the time for which a fault remains in the circuit. This helps enhance people's safety and minimize equipment damage while maintaining power system stability. Protection of power systems requires an understanding of system faults and their detection, and the safe isolation of the faulted device from the system. This educational software will explain the function of all the protective elements in detail and provide the students with the skills and knowledge necessary to calculate fault currents, coordinate fuses, select and coordinate relays and associated instrument transformers.
The software covers the calculation of the balanced and unbalanced faults using the symmetrical components. The grading between two fuses has been detailed so that the grading between the downstream and upstream fuses will generally be achieved if the current rating ratio between them is equal or greater than two or by using the I 2 t Let-through Energy condition. The grading between two relays has been applied in many applications using the formulae of the four standard current time characteristics -standard inverse (SI), very s correct if all the 10 answers are correct. inverse (VI), extremely inverse (EI) and long-time inverse (LTI). The curves can be displayed to verify if the coordination is achieved.
The student will also learn how to adjust the setting of the relays using the standard operating characteristics so that the relays closest to the fault will operate and clear the fault faster than the backup devices and also how to successfully coordinate the fuses and relays with both just clicking on the appropriate button. Correct or wrong answer can be checked after entering each answer. source-side and load-side protective devices, as well as the coordination of the other types of relays such as directional relays, earth fault relays, and recloser relays. The software can be extended to cover distance protection, differential protection, and pilot relaying protection. With more complex systems, it is necessary to detect the point of fault precisely and trip only those sections affected by the fault while the rest of the system can continue to function normally. This requirement necessitates different forms of relaying apart from the simple current sensing relays. Equipment such as generators, transformers and motors also need special forms of protection characterized by their design and operating principles.
The software will become complete and will then emphasize advanced protection schemes required for practical systems experienced in industrial plants, distribution, transmission and generation systems.
In summary, at the end of the course, the student/trainee will have a solid background in protection concepts to apply them to protective devices for radial protection schemes in electric power systems. After completing all the topics, a challenge problem is given the student to check his or her knowledge on a radial network system.
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